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APPLICATION OF A "RELATIVE” PROCEDURE TO A PROBLEM
o IN BINAURAL BEAT PERCEPTION

" Jerry V. Tobias

The cvidence of binaural beats has long bren considered an _indication of binaural
interaction for timing and for perindicity information.  In the past, bilaterally matched sound
pressure or sensation levels have been used in the investigation of these beats and the
measwring techninue was one which may be termed “absolute.”™ ‘However, the present study,
in investigating with a “relative”™ technique the limits of dichotic intensity which permit
binaural beats, showe that lienens nispond to the presence of beats whenever the tones
to both cars are above threshold. It is suggested that this new reult fits more neatly into
current theneelical formulations. The frequencics investigated ranged from 100 to 2000 cps.
As other authors have previomly seported, the best performance oceurred in the 100-600 cps
range, “The present findings slrrngiht-n the case for an ;mllilur_\' nenous system with timing
channels jndependent of other tranwmivion lines and, thereby, also have implications for

pitch theory,

1

Binaural beats are heard when two sinusoids
of slightly differing frequency are led inglepend-
ently to the two ecars.  The subjective effect is
most often described as a fluctuation iylondness,
Auditory theory has profited from investigations
of the phenomenon becavse, in order to be
heard as a beating complox, the tones must be
drought together neurally by a mechanism
which preservgs time or phase relations,  That
is, for the frequencies at which binaural beats
can be heard, anditory tract responses change
in synchrony with the stimulus,  Here, then, is
a perecptual process whose existence consti-
tutes good t‘\'itlh‘llt‘l‘ for “periodicity following™
of low frequency tones by the auditory nervous
system,

Atecedents of the work reported here date
back as far as 1539, and contine very nearly o

F

‘the present! Apparently, each previous in-
vestigator has used a physieal approach rather
than a physiological one, even though physio-
logical implications have frequently been

' Detailed  historical  references (starting with M. WL
Dove, “Nachtrag zu den Combinationstonen,” Reportorinm:
& Phasik 3, 404405 (1839) can be found In G, W.
Stewarts series of three papers, “Binaural beaty™ Phys,
Rev. 9, 502308, 508-513, 514-528 (1917); additional dis-
wvusion of the carly work can be found in 11 Fletcher,
Speech anil Hewring (D, Van Nostrand Company, Inc.,
New York, 1929), Part 1M1, Chap. 3. E. G \\'vwr.'T'mnry
of Hearing (Joln Wiley and Sons, Lic, New York, 1949),
op. T4, and ) G R Licklider, ] € Webster, and
<M. Hedbun, “Onthe frequency limits of binaural beats,”

J Acouds Socs Am. 22, 463473 (1930) inchude further

womments and wveral references o latee artivhes pot men-
toned in the prewent paper. Litthe writing on theoretical
apocts of binaned beats has appeared since, cwept pers
hapr . Fulford, “The hiu.mml beat phenomenon,” |
Lanvnanl and Orol. 69, 683658 ( 1933),
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drawn. In general, people working with bin-
aural beats have designed their experiments as
if they were dealing with phiysical beats. For
the physicist, heats are the result of altemate
reinforcement and cancellation of two added
waveforms that have a constantly changing
phase relation.! For the psychologist, beats
are what a listener hears when presented with
physical heats within a certain range of beat
frequencies. For both the physicist 'and the
psychologist, the detectability of beats is related
to the relative amplitudes of the two beating
tones. Occasionally, one uses two tones with
unmatched levels for detecting auditory dis-
tortion,” for measuring the size of a difference
threshold,’ or for noting similar physical or
psychophysical entities. The psychologist who
uses beats for such purposes rapidly discovers
that two tones, although unmatched in mag-
nitude, must still be fairly close together for
subjects to report the preception of beats, If
one approaches the study of binaural beats with
knowledge of the psychological response to
physical beats, he finds considerable logic—and
almost overwhelming evidence—favoring . the
concept that binaural beats also will occur only
when the two tones used are matched in level.
However, if one holds the theoretical bias that
phenomena such as pitch and auditory locali-
zation are based at least partly on temporal
processes, then the older work must be re-
evaluated, A physiological logic must be ap-

plied where reasoning based fn physics was -

previously used. | ‘

Consider the possible existence of sepayate
neural pathways for the conduction of place-
pitch information and for the conduction of
timing information, From this viewpoint, bin.

“Beats are periodic variationt that result from  the
superflosition of two simple harmonic apantities of differ-
ent frequencies f, and . They involve the peviodic in-
crease and deceeare of amplitnde at the Beat frequency
(§,<£)"  American Standand Acontical  Terminolog
{American Standards Aswociation, New York, 1960, S1.1.
w1320 (By pemivion from the Amcrican Standands
Roociation. )

"For vvmple, M. Lawrenee and G L Blanchand,
“Pradic tion c) ancepibility o muwtic trivma by dee
fermination of !hn-\lmld of distortion,” Ind. Mall and
Surgeey 23, 103200 (a3,

YR R Riews, “Differential mtensin wisitivity of the
vat for pure tones,” Phae Rev 31,0 S67.873 {1928,

NS

o

aural beats (which are generally accepted as
being associated with a timing or counting pro-
cess) must be perceptible so long as the tones
to the two ears are both above threshold in the
timing pathways. Working from this concept,
it hecame necessary to investigate the limits
of dichotic (i.e., different at the two ears) in-
tensity which would still allow for the per-
ception of binaural beats.

PROCEDURE

Although a large number of methods for
measuring the limits of dichotic intensity for bi-
naural beats are possible, all of them may be
classified in one of two categories. These two
classes represent basically different (although
noi novel) techniques. In one, termed “relative,”
the subject is asked to make judgments about a
variable stimulus which altemnates with a ref-

~ erence stimulus; in the other, termed “absolute,”

no reference is given. This particular categoriza-
tion is useful not only for differentiating be-
tween species of psyschophysical methods, but
also for showing why no previous work has
reported binaura' beat’ perception with un-
matched interaural levels (see Results and Dis-
cussion below). :

Absolute binaural beats. For the production
of absolute binaural beats, instrumentation as
illustrated in, Figure 1 was used. The two
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Frvne 1L Instrumentation for the production of absolute
binaueal beats is shown. The subject controls the increase
or decrvase of attenuation in the variable channed and the
automatic attenuator accondingly plots his “theeshold™ as a
fnation of time, A hetch e swesenting the listener's intra-
veanial beating images is im‘Lu!ul on the right, showing
a perveived beat when the image is Jhafted to the riche
var (R when the image is Jhufted to the left car (L),
when it v centered (MDY, aimd when the tone in the
vatiable channel is near thredbold,



tones were gencrated by Hewlett-Packard

Model 201CR- oscillators fed scp'zratcl\ to two
attenmators,  The attennator in the “constant
channel” was a Hewlett-Packard Model 3308;
the attennator in the “variable channel” was a
Grason-Stadler Model E3262A recording attenn-
ator. From the attennators, the tones were led
independently to nnatched TDH 39-300Z car-

phones momnted in NAF4S490-1  doughnut
“cushions,

The sonnd booth contained only the
subject, the earphones, and a control key for
the recording attenuator,  The experimenter,
outside the booth, in addition to determining
scttings for the escillators and for the 350B at-
tennator, had control of an override switch for
the recording attenuator and a reversing switch
which allowed him to select the ear receiving
signals from the constant channel.

Relative hinaural beats. For the production
of relatice binaural beats, instrumentation as
shown in Figure 2 was used. Most of the items
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Fictme 2. Instrumentation for the
hinaural beats is shown. The “th
Fig. 1.
intracranial beating images, showing that he hears 3 beat
whenever the tones are hoth Jhn\e threshokd. g‘

uction of relative
4™ i plotted as in

of apparatus were identical to those ufs/vd for
the measurement of absolute binaural beats

~with the addition of a Grason-Stadler Model

8298 electronie switch,  This switch, set for an
approximate 100 s rise and decay time, served
to program the stinmlus in the variable chan-
nel (the rise-decay time was selected so that
the stimulus in the constant channel appeared
continuons).  In the variable channel, during
the “A-on” part of the switching cvele, the tone
from ascilltor V' was gated on: during the
“B-on” part of the cyele, the tone from oscillator
C (which also fed the constant channel) was on,

On the right is a sketch representing the subject’s .

“The variable tone was then led through the re-

cording attenuator and reversing switch to one
carphone, The constant tone went to its 350B
attenuator, through the reversing switch, and
to the other earphone as before. Levels in the
two channels were adjusted so that, with both
attepuators at zero, the two channels were
matched. The electronic switch program was
adjusted so that the earphone receiving the
output of the variable channel received one
second of sitmal from oscillator V' alternating
with one second of signal from oscillator C.

In both armrangements, line impedances for
the entire system were matched as necessary.

Using the apparatus described for the pro-
duction of absolute binaural beats, one would
expect an ideal listener to hear heats continu-
ously. Using the apparatus described for the
production of relative binaural beats, one would
expect him to hear one second of heating alter-
nating with one second of non-heating.

Subjects. Subjects in the major experiment
were four men, ranging in age from 22 to 44 .
years, who were experienced in listening to
binaural beats. Twenty-five additional suh-
jects served in pilot etpenmefhts

Method. The technique of plotting a “bin-
aural beat threshold™ is simplified considerably
by the use of the recording attenuator which
allows the subject essenhal]y continuous controj
over the level of the tone in the variable chan-
nel, As he alters the stimulus m'lgmtude with
this instrument, a graph of his changes in level
with time is produced For the work reported
here, the recording attenuator was adjusted to
change the leye] at a rate of 4 dB per second.

Becawse work preliminary to the present
study showed fairly large individual variation
in the ability to hear binaural beats, subject.
training procedures were improvised to meet
individual problems.  As much as possible,
listening during training was divided equally
between absolute and relative stimuli,  Few
other restrictions were practical.  The  first
training session began in a standard fashion,
but variations were introduced whenever they
became necessary, - Typically, the experimenter
firt deseribed the sound of a heating stinelus,
including in this orientation the demonstration
through a tondspeaker system of physical beats
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at sevéral beat frequencies, For most subjects,
binaural beats were first introduced with a
500 cps tone to one ear and a 303 ¢ps tone to
the other; levels at the two ears were matched,
The selection of 300 ¢ps and matched interaural
levels was based both upon previous reports
of binaural beat perceptions’ and upon ex-
perience gained in preliminary investigations.

~That subjects were hearing the heats was most

easily tested by producing changes in the beat
frequency and requiring the listeners to repro-
duce the rate by tapping a finger. When a
subject seemed to bhe responding to the heat,
he was instructed to press the key {controlling
the recording attenuator) until the beat dis-
appeared, then to release the key until the
beat returned, and so on. A few pilot study
subjects, several days after training, were found
to respond not to the beat but to the difference
in pitch between the cars, An interview in
which the subject was asked to describe just
what he was listening to helped protect against
such responses; more important though, subjects
making judgments on the basis of a pitch dif-
ference produced response curves on the re-

‘cording attenuator which differed character-

istically in slope and variability from the curves
produced by subjects listening for the beat.

Every tested subject can now hear binaural
beats. The population includes the selected
subjects from the present experiment, the 23
unselected subjects used in prelimidary work,
and 40 more unsclected subjects used in an-
other study. o

Following a training period of several hours,
subjects were asked to find “binaurgl beat
thresholds™ — that is, attenuator trnml?/ around
the variable-channel level at which Keats dis-
appeared — both for absolute and for relative
stimuli, Frequencies ranging from 100 to 2000
gbs were investigated with beat frequenciey
varying from L to 10 ¢ps. The similarity of
thresholds from 100 to 800 cps and the Tack of
reliable beat perception above about 900 cps
led to the collection of most of the data with
one set of stimulus parameters; the tone to one
ear was 300 cps, to the other, 505 cps,

']. C. R. Livklider, J. € Webster, amd | M Hedlun,

"Ou the-frquency limite of hinaural beats,” . Acoust. Soe

LA, 22, 4688-470 (1o,

Since a primary source of error in such studies
is sound leaking across the head,’ care was

- taken that the tone in the constant ear never

exceeded a level of 40 dB the threshold in the
variable ear. Thus, the term “sensation level”
(SL} as used here always refers to the thres-
hold on the variabie side. A representative trial
would start with a threshold for the tone in the
variable channel.  Following that, in random
order, wonld he binaural beat thresholds with
the constant car at 40 dB, 30 dB, 20 dB, 10dB,
and 0 dB SL. Last in a trial was an additional
tone threshold.  Trials for absolnte and for rel-
ative beats were similar,

RESULTS AND DISCUSSION

Absolute binaural beats. From the hypoth-
esis of a separate time-sensitive system, one
would expect subjects to hear binaural beats
whenever the tone to the ear receiving the
lower-level stimulus was above threshold. Un-
happily, no such clear result occurred for ab-
solute beats. What did happen is shown in
Figure 3, a composite curve illustrating many

MTCWATIC ATTEWUATOR TwARTRCOLD TRACE
- FOR ABSOLUTE Beuleidd, BEATS
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Fiiene 3. Curve illistrates several types of response to
absolute binaural beats.  Each of the Fgure (i, A,
B, ++ G) s selected from a different teial; ﬁmv subjects
are represented. For case of reading, the traces are equated
for semsation level und ordered according to the level

the condtant ear,

of the kinds of respomses given,  Remember
in reading this curve that the subjects were
asked to find the place or plices where the
perception of a "wobble™ fades inta the per.

* Differences . between “true”™ oe “wibjective”  hinanral
heate and “leakage™ or “ohjevtive”™ binanral beats are de-

toled in CE Lane, “Binanral beaty” Phye Rev, 26, 401-
Ho (1234
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ception of a continuous tone. Remember too
that the decision about this “threshold” is ab-
solute — dependent upon no external reference.

Subjects report a strong beat when the
sound image is near the center of the head;
only with the image centered do they feel very
sure that they are hearing what they are sup-
- posed to. If a subject raises the level in the
variable channel until it is approximately 10 dB
higher than in the constant channel, he hears a
heat — sometimes — and he hears it on the
louder side. This lateralized beat is readily
confused with head noises, but when the beat
is reported at all, the record shows an invariant
and reliable 10 dB difference in level between
cars. ‘There is u symmetrical beat on the other
side when the 10 dB favors the constant ear,
but it too is very ecasily lost. One further
nehulous set of beats is heard when the sound
on the softer side is near threshold. A sketch
of the intracranial positions of these various
images is included in Figurc L.

The record in Figure 3 can be easily in-
terpreted in the light of these reported percepts.
(Although this record shows the listener ap-
proaching each new beating image from above,
. the traces for ascending trials were similar.)

A tone threshold for the subject’s “variable ear”

is shown first (“A”). Following it arc heat

thresholds for several values of sensation level
in the “constant car.” When he felf’ that he
had stabilized a particular threshold, the sub-
ject reduced the level in the/variable ear until
he found another beat or until he had reduced
the level so far that the cxperimenter yecog-
nized that no other beat was forthcoming, In
part “B,” then, the top beat threshold repre-
sents the median plane image; the next one,
the 10-dB-difference image; and the third one,
the “threshold threshold.”  In “C.” with a 30 dB

SL in the constant car, the subject found all

four images nofed in Figure 1. Abo, as fre-

quently happened, after the “threshold thresh-
old” he continued to increase the attenuation.

Not finding anything subliminal, he raised the
- level in the variable chanuel until he found a
o~~beat again; note that it matches the beat he
heard before. Tn part “D,” the first beating
area occurred when the interaural difference
was 10 dB, although some subjects tended

b

F‘\éﬁ

to search for a beating image in the 10 dB
attenuation vicinity. This process appears in

“E” and in “F." From later reports about this

phenomenon, it seems safe to conclude that
the searching occurred hecause the subject
knew that a beat often appeared a few seconds
after he started increasing the attenuation.
Parts “E” and “F” show the subject’s work at
10 and 0 dB SL in the constant car, and part
“G” shows another tone threshold, In any

presentation of absolute stimuli, subjects felt

confident only when the levels in the two ears
were matched, No subject perceived 2very
possible image in any single trial.

To avoid misinterpretation of Figure 3, re-
call that the curves were selected to illustrate
a range of responses. Thus, for instance, al-
though it does not appear in the figure, the
0 dB curves frequently showed a heat threshold
region near 10 dB SL.  The other curves simi-
larly vary according to which images a subject
did or did not perceive.

Relative binaural beats. The inclusion of a
non-beating reference tone made the subjects’
task strikingly ecasier and produced completely
different . vesponse patterns.  Using  relative
rather than absolute stimuli leads to a situation

in which the beat can always be heard when

both tones are at or above threshold. As in
the case for absolute beats, the image is in-
variably on the louder side. (Although it is
possible to interpret this fact as the result of
an illusion, it may be considered useful evi-
dence that the beat did not result from phy-
sital mixing of the two tones hecause of leakage
across the head.) ' |

The sketch of intracranial images for relative
binaural beats shown in Figure 2 illustrates that
listéners find only one beat threshold — when
the tone in the variable channel reaches its’
threshold. The existence of a single limiting
value of stimulus magnitude for the perception
of binaural beats is obvious in Figure 4. This
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Fruank 4. Cune dludrates consivteney of mesponse at any
interaural intemsity ifference when relative stimuli are
l\\t‘(l.
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figure is plotted from the responses of one

subject during one trial; the only change made
has heen to order the curves from highest to
lowest level in the constant ear, The curves
are literally typical; the responses of any subject
during any trial would look the same.

Indicidisal differences. Problems of popula-
tion variability were minimized with the selec-
tion of subjects used here. However, the
unsophisticated subjects used in pilot experi-
ments performed similarly,  Individual differ-
ences, then, appear to be effectively non-

"~ existent except as was noted in the discussion

of absolute beats and except for the perform.
ance of one subject. The subject in question
was the only one tested who could not hear
hinaural beats at all. She was also the only
female in the population. No amount of indoe-
trination arnd no reasonable amount of listening
experience either to physical beats or to abso-
lute or relative binaural beats helped,  After
10 hours of training; an extension of the fre-
quency range from the previously determined
optimum 400 - 600 cps was made. As soon as
the frequency was dropped to 330 cps, she
heard the beats, and the magnitudes of her
beat thresholds were similar to the others.
Apparently, her best range is in the 200 to 300
cps band — a striking variation from the best
range of any of the male subjects. It is not

‘to be inferred that binaural beat perception

| .
can serve as an adequate Screening test for sex.
However, additional work is in progress and
preliminary data indicate a remarkably reliable
sex difference in maximum frcqnenci at which
. 3
binaural beats are heard,

Relations with precious work, The results of
this study raise several questions. Perhaps
foremost is the problem of why previous authers
have insisted on the need for matched levels
in binaural Boat perception.  Part of the answer
may be that most of the early writers were
physicists who recognized that physical beats
are pereeptible only when the mixed tones
are fairly closely matched ‘in amplitude. By

~extension, they had to conclude that binaural

beats should abso require matched levels, With
one exception, reeent writers have not departed
from the physically based coneepts,  That ex.

ception, Wever and his students,’ is interesting
because there too the comment is made that
“the adjustment of the intensity at the two
ears is hizhly critical.™ It now seems obvious
that their critical adjustment resulted from the
use of absolute beats (which, of course, were
quite adequate for measuring the processes they
investizated), and they naturally found only
a highly restricted range of magnitude differ-
ences in which binaural beats could be per-
ceived. In work preceding the present study,
using fixed rather than constantly changing
attenuations, confidence ratings from subjects
indicated that only matched levels (within
plus or minus 3 dB) give any certainty about
the existence of absolute beats. The long his-
tory of notes about the need for matched levels
in binaural beat perception, then, probably can
be laid both. to the interpretation of this bin.
aural neural phenomenon in terms of physical
beating phenomena and to the use of absolute
judgments,

Another question that must be asked per-
tains to studies in which a measurement de-
pends upon the hearing of beats. If binaural
beats can be heard with the softer tone at or
near threshold, can one thrust the results of
experiments in which a probe tone is used to
find “best beats,” for instance, with a distortion
product? Although the answer offered here
is the result of informal listening and not of
systematic investigation, there is some pertin-
ence to the presentation of these data, Two
minor pieces uf work are involved, The first
was a st&!y with two subjects on the hearing
of binaural beats with tones of frequency f
and (2f +'5). Either tone was set at 40 dB SL;
the other was adjusted by the listener. In this
experiment, one subject had no difficulty at
all either in hearing beats or in producing a
beat threshold. The second subject fourd a
nebulous  beating image, but reported that

' Particuluriv J. G. Lowsch and B, L. Kapell, “The fre-
queney limit for the perception of binaural beats and for

c_“lic.biluunl Tocalization,” senior thesis, Princeton Uni-
venity {19880

‘E. (L Wever, Thevey of Heuring (John Wiley and
Sang Do, New York, 1H9), po A Lane teporis rathet
that true hinaural beats at S0 GBS can be heand with
an interanral intensity ddference that approaches 20 A4
{refereoce & pp 402 aml WS-409),
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the percept was extremely difficult to maintain,

The other pertinent study, with one listener,
used a high-level (set by the experimenter at
values from 30 to 90 dB SL) 300 cps tone and
a low-level (independently set at from 0 to
50 dB SL) 303 cps tone added in one ear,
and a 300 cps tone alone in the other ear.
Levels in the second ear were controlled by
the listener. The subject was unable to hear

~any beat. Although it might be true that in
‘such a complex stimulus a beat is somchow -
masked, this finding may well be the result

of a sampling error — the subject was the same
one who had difficulty with the f and (2f + 3)
stimulus.

The relation of these experiments to the
“best heat” studies is straightforward. When a
high level tone is presented to one ear, the
same tone can be present at a 40 or 30 dB lower
level in the other ear as a result of leakage. A
probe tone in the louder ear might possibly pro-
duce a binaural beat with the leakage product
in the contralateral ear. Thus, even with tones
whose difference in level mitigates against the
production of monaural physical beats, one
might hear binaural beats, Depending upon
the experimental procedure and purpose, these
binaural beats would be between f and either
(f=3f) or (2f=Af). Subjects often have
trouble hearing a beat in mepsurements of
distortion, and perhaps that trduble could be
accounted for if one considered that they were

really listening for an fabsolute binaural beat,

Similarly, one must examine any work which
measures cross-hearing with a  ¢ontralateral

Yo
- probe tone on the basis that rc?énscs can re-

sult from hinaural beats at or nfar the “thres-

hold threshold.”

Finally, it is necessary to point out that the
thresholds of those nerve fibers forming timing
circuits apparently match the thresholds in
audibility circuits,

CONCLUSIONS

From the present data, one can interpret that
there is in the hinaural system a timing network

~ which is separate in function from ather chan.

nels which carry only loudness or place-piteh
information, The coneept of such functional

separation is certainly not new — it fits th
proposed hinaural interaction networks ©
Jeffress® and Licklider”; it is related to wor
on timing processes in the basal tum of th
cochlea”; and it certainly fits Huggins's prin
ciple of diversity.” Moreover, people studyin
problems of periodicity pitch and the residu
{c.g., C. v. Bekesy, E. de Boer, |. Nordmar}
J. F. Schouten, and A. M. Small, Jr.) have nec
essarily held that time-sensitive devices mu:
exist in the auditory nervous system. For thes
mechanisms to be functional, they must some
where be essentially separate entities, Thes
new data, then, were collected to test whethe
binaural beat perception conforms to the theor
of an independent timing system. The resull
add to the evidence confirming the existenc
of that independence.

Anyone attempting similar work should no
that binaural beat thresholds are strongly i
fluenced by the method of stimulus present:
tion. One would properly question the concej
of departing from matched levels in li
tening for binaural beats if he had data on
from experiments which used absolute stimu!
consideration of the data gathered using re
ative stimuli, though,. leaves no room for dout

*L. A. Jeffress, “A place theory of sound localizatior
J. Comp. P yaied Psychol. 41, 35-39 {1948).

*{a) J. C. R. Licklider, "A duplex theary of pitch pe
u-ptiun." Experientia 7, 1258134 (1951).

(b) J. C. R. Licklider, “Auditory frequency analysi
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